Introduction
The phacoemulsification method, being in use in cataract surgery, includes mechanical disintegration of the lens of the human eye by special tools introduced into the anterior chamber of the eye through small incisions. The generated fragments of the lens are removed together with the intraocular fluid by aspiration. An artificial lens of transparent plastic is then inserted into the eye to replace the eliminated lens. To avoid collapse of the anterior chamber because of the rarefaction (collapse may cause irreversible tissue injury), irrigation is carried out simultaneously with aspiration using a replacing fluid. Several phacoemulsification techniques are elaborated. Key ways in which they differ one from another are in the method of lens disruption and in the organization of aspiration-irrigation flow. Each technique requires adequate surgical tips to the instrument. The basic technique now widely used is a combination of eye lens disintegration, aspiration and irrigation functions in one tip made of two coaxial tubules. The inner tubule is periodically subjected to longitudinal oscillations with an ultrasonic frequency in order to crush the lens fragments situated near the tubule end. The emulsion formed by these fragments and the fluid filling the anterior chamber are eliminated trough this tubule. The irrigation fluid is brought into the chamber through the annular channel between the inner and external tubules (Fig. 1) . Bimanual phacoemulsification is an alternative technique based on the use of two separated tips: one for aspiration and the other for irrigation. They are introduced into the anterior chamber through two incisions separated by a distinct distance and positioned angularly (Fig. 2) . As a result, the fluid flow pattern across the surgical field changes substantially in comparison with the basic (coaxial) technique. The decision to perform coaxial phacoemulsification is by many ophthalmic surgeons influenced by the greater experience with this technique and the desire of surgeons to avoid additional incisions. It was however observed in a series of operations that the bimanual technique is accompanied by a decrease of adverse hydrodynamic effect on eye tissues and of irrigation fluid consumption . A reduction of operation time was also observed. It was supposed that these favorable tendencies (which directly effect the quality of ophthalmic surgical care) are caused by the differences mentioned above in the intraocular hydrodynamics. 
. Flow in the bimanual phacoemulsification technique
The possibilities of experimental validation of this assumption on natural eye specimens are limited because of high preparation costs, difficulties in physical data recording within small volumes, etc. Under these circumstances, mathematical modeling is the most accessible method for study of intraocular fluid flow. Generally, both the empirical approach to the choice of ophthalmic surgical tools, which is widespread now, and the subjectivism in the clinical appraisal of their advantages or disadvantages lead to difficulties in design and development of tools which could ensure minimal tissue damage and maximal efficiency of the corresponding operation technique. Therefore, analysis of a new surgical method or a technique and the tools that will be used therein by means of an adequate mathematical model is quite an urgent problem. Its solution is demanded by ophthalmic surgeons as well as by designers of surgical tools.
In order to prove the advantages of the bimanual phacoemulsification technique the following steps are necessary:  building an adequate mathematical model in the form of equations describing the fluid movements in the capsule bag volume during the operation  clarifying on the basis of solution of these equations the main capabilities of this technique concerning the decrease of the injury from surgery, irrigation fluid consumption and operation time (relative to the coaxial technique)  determining a set of quantitative parameters that characterize the operation technique and values of these parameters which could ensure its maximal efficiency. The following parameters are taken as the efficiency criteria: reduction of tissue trauma caused by hydrodynamic forces, lowering of irrigation fluid consumption and decrease of the operation time. The tissue trauma can be associated with, amongst other causes:  high fluid pressure including the dynamic sinusoidal and pulsation components  inadvertent entry of the posterior lens capsule into the aspiration tubule  collapse of the capsule chamber resulting from high difference between the internal and external pressure. Hense, the required mathematical model should allow determination of the hydrodynamic pressure in zones of the anterior eye (as a trauma index) and the irrigation fluid consumption (as an economic index) as well as evaluation of the operation time. In this Chapter, a simplified analytical model and analysis of hydrodynamic processes during phacoemulsification are presented; on the basis of the analysis, advantages of the bimanual technique are revealed and the favourable effect of this technique on operation time is evaluated. Subsequently, a review of applications of the sophisticated numerical analysis method -the finite element method (FEM) -applied to ocular biomechanics is given; use of this method for simulation of cataract surgery techniques could make analytical results more exact. As a practical embodiment of the ideas of the hydrodynamic analysis, designs of irrigation devices intended for the bimanual phacoemulsification technique are considered.
Simplified mathematical model of hydrodynamic processes
Mathematical modeling of the intraocular fluid flow is based on the mass, impulse and energy conservation laws. Assuming some simplifications, these laws allow series of relations to be obtained between the required values of pressure and irrigation fluid consumption, and the known geometric, physical and mechanical parameters. The fluid is assumed as incompressible viscose medium under stationary flow conditions. This assumption is valid even when oscillations of irrigation fluid rate exist over a wide frequency range. Indeed, the frequency value f, over which the non-stationary wavepropagation processes must be taken into account, can be evaluated by the formula
where c is the acoustic speed in the irrigation fluid, and L denotes the characteristic dimension of the flow domain.
As to the eye, L is about 10 mm, while c is about 1000 m/s. Therefore, the threshold value of f is not less than 10 5 Hz, and the slow dynamic processes in consideration can be regarded as stationary ones.
When building an adequate mathematical model, it is important to determine whether the fluid flow is turbulent or laminar one. The boundary between both flow types is determined by the Reynolds criterion
where ρ is the density of the fluid; for the irrigation fluid ρ = 1000 kg/m 3 , for the emulsion ρ = 998 kg/m 3 (Malygin, 2002) ; V is the flow velocity of the irrigation fluid and of the emulsion; it ranges from 0.2 to 0.6 m/s; the mean value is 0.4 m/s (Malygin, 2002) ; ν denotes the dynamic viscosity coefficient; for the aqueous ν = 0.014 Pa·s (Malygin, 2002) . In the case of the irrigation fluid outflow, the characteristic dimension L is the tubule diameter, up to 3 mm. Based on these values, Re is not more than 90, this is far from the critical value Re C = 2300 typical for tube flows. Therefore, the irrigation fluid flow is laminar one. For the emulsion flow, L can be taken equal to capsular bag diameter (10 mm), so the Reynolds criterion can reach 300. However even in this case, it is substantially lower than the critical value quoted just now, or typical for free flow (Re C = 10 5 ). The introduction of viscoelastic substances essentially increases the emulsion viscosity (Malygin, 2002) , and this leads to corresponding decrease of the Reynolds criterion. Similar evaluation is also valid for the aspiration flow. Consequently, there is no reason to speak about the presence of flow instability, i.e. the appearance of turbulence in the irrigation and aspiration flows, and also in the emulsion within the operation field. The laminar character of the flows under consideration makes their mathematical modeling easier. Usually, the equations in partial derivatives, e.g. the Navier-Stocks equations, are used for modeling in hydrodynamics (Landau and Livshits, 1988) . They are solved by numerical methods taking into account given boundary conditions. As a result, the required parameters of the fluid flow in different points of the investigated domain are found: pressure, velocity, etc. However, solution of these equations for domains with intricate shapes, such as the anterior chamber of the eye is a difficult problem, especially when taking into account the configurations of the irrigation and aspiration flows, the biphasic character of the emulsion, the spatial diffusion of the lens fragments, the presence of an acoustic (ultrasonic) action, the movements of the surgical instruments, the flexibility of the eye tissues, etc. Moreover, many physical parameters of the eye taken as input data for mathematical modeling have a significant scattering from one individual to another, and can not be exactly measured in each case with certainty. Additional uncertainties are caused by elasticity (flexibility) parameters of the ocular tissue or position of the aspiration-irrigation tip, which is manipulated by the surgeon's hand. Therefore the model needs to be simplified to obtain approximate solutions with acceptable precision and reasonable computing expenses for the calculations. But every simplification must be carefully grounded -in particular by means of special experiments. Otherwise the calculation errors may become unacceptable high. Taking these factors into account it may not seem worthwhile creating complicated numerical approximations of the fluid movements. On the contrary, it is reasonable to use simple and evident physical relations resulting from the fundamental conservation laws. A basis for this approach lies correct choice of the surface on which flow parameters are checked, i.e. the checking surface (Abramovich, 1969) . If a quantitative correlation between pressure and velocity (correspondingly, the flow rate) can be established for various zones of this surface, without going into details concerning the flow in the internal domains, this correlation gives the required solution for each of the analyzed cases. Correspondingly, a comparison of the cases in dependence on the mentioned parameters is possible. The simplified model described below is intended for comparative analysis of the two techniques of the phacoemulsification method under consideration. It takes into account the most substantial factors in which their differences may arise. In this case, the factors simultaneously inherent to both methods present no interest and are not subjected to the analysis. In particular, this model does not simulate the lens disintegration process, movement/shifting of surgical tools during the operation, finite dimensions of the lens particles, their motions, emulsion inhomogeneity, etc. Therefore it may be called the 1 st approach model. Let us first turn to the more established and in some ways more basic operation technique, i.e. the coaxial technique. The checking surface is chosen as the outlet cross section of the irrigation and aspiration tubules of the tip, which are considered being situated on one plane. The irrigation fluid is introduced into the anterior eye through the external annular part of this surface with the cross section area S + with the velocity V + . The aspiration of the emulsion is carried out through the internal part with the cross section area S -with the velocity V_. According to the law of continuity, the irrigation volume flow must be equal to the aspirating one, i.e.
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from which is obtained an expression for the aspiration velocity:
where R + and R -are the internal radii of the irrigation and aspiration tubules, correspondingly.
As follows from the Bernulli equation (which presents one of the forms of the law of conservation of energy), the pressure at the entry into the aspiration tubule comes to
while at the internal surface of the lens posterior capsule, against the edge of the irrigationaspiration tip, where the irrigation flow completely loses the velocity (on the wall), the pressure value is
The parameter p + denotes the static pressure at the irrigation tubule outlet. For the coaxial tip of the above described design, R + is about 2 -3 times greater than R -. It follows that a may range from 3 up to 8. The pressure at the entry into the aspiration tubule p -, as it seen from formula (4), is significantly lower than the pressure p + (about a half if a = 8), while the pressure p c exceeds the latter by the velocity head ρV + ²/2. The approximate pattern for pressure distribution within the fluid volume between the edge of the coaxial irrigationaspiration tip and the posterior lens capsule (the latter is an additional part of the checking surface) is shown in Fig. 3 .
Fig. 3. Pressure distribution (p) and displacement of fluid particles (z) in the coaxial technique
The irrigation flow passes across this volume filled with the lens fragments, mixes with them (forming an emulsion), changes its movement direction into the opposite one and then is sucked into the aspiration tubule. The impulse value change is proportional to the vector difference between the aspiration and irrigation flow velocities and has in this case a maximal value. It produces a load on the internal surface of the capsular bag and can be estimated by the value p c . With the actual pressure distribution a part of the irrigation fluid, moving near the aspiration tubule, has no time to mix with the lens fragments and does not dilute the emulsion, but is at once moved away by the aspiration flow. It does not have any useful effect and is merely pure losses. These shall now be estimated. The displacement of the irrigation fluid particles along the Z axis (see Fig. 3 ) up to the stopping, i.e. up to the change of velocity sign, depends on their initial velocity V + and on the pressure gradient ∂p/∂z
On the basis of the obtained pressure distribution (Fig. 3 ) the ∂p/∂z value at various points of the area in view can be evaluated, and so the z value can be found. In particular, at
where from follows
then z h  Here, h denotes the distance between the tip edge and the posterior lens capsule (see Fig. 1) . Thus, the particles of irrigation fluid, which are moving near the internal surface of the irrigation tubule (at R ≈ R + ), pass the entire distance to the posterior lens capsule (z = h). That means they run through the entire emulsion volume, dilute it and are sucked together with the lens fragments. The particles of irrigation fluid, which run directly near the aspiration tubule (at R ≈ R -), are sharply decelerated and may pass only a much shorter path (z=h/α²) due to the great pressure drop near the edge. If the lens fragments are situated at a greater distance from the tip edge than h/α², they do not mix with these particles and exit into the aspiration tubule instead of the emulsion. Assuming a linear pressure distribution along the radial coordinate, the following approximation for the displacement z of the particles is obtained, depending on the distance from the tubule axis R
Based on this approximate correlation, shown in Fig. 4 , and starting from the distance between the tip edge and the conventional boundary of the lens fragments position δ (see Fig. 1 ) it is possible to determine the radial coordinate R(δ) that corresponds to the dividing of the irrigation flux in two parts Q p and Q n 2 2 1 1 1
The particles, which meet the condition R >R(δ), form the flux part
which dilutes the emulsion. Therefore it exerts a useful action. The particles with the coordinates R ≤ R(δ) do not reach the emulsion boundary. They form the flux part
which presents pure losses.
As follows from equations (11) - (13), the less the distance between the edge of the irrigation-aspiration tip and the conventional boundary of where the zone with the lens fragments δ is, the nearer the radial coordinate R(δ) to the radius value R -is, and the less the losses Q n are. Correspondingly, the further the tip edge from the above mentioned boundary lies, the greater the losses are. In particular, for a tip with the parameters R -≈ 0.5 mm and R + ≈ 1.5 mm, when the edge is situated at 2 mm from the internal surface of capsular bag and at 1 mm from the indicated boundary, about 40% of the infused fluid is useless taken away through the aspiration tubule. When δ=h/α² the losses become almost zero. However this distance is difficult to control and it is impossible to avoid losses completely. The calculation shows that losses of the irrigation fluid are a fundamental disadvantage of the coaxial technique, which lowers its efficiency. Fig. 4 . Displacement of fluid particles, z, in dependence on distance from the tubule axis, R Let us examine the bimanual technique which uses separated irrigation and aspiration tubules. As done formerly, the control surface will be considered to consist of the tubules' end section areas and of the internal surface of capsular bag (the posterior lens capsule). If the tubules are positioned parallel (Fig. 5) there is no practical difference in the hydrodynamic situation as compared to the coaxial method.
Fig. 5. Bimanual technique: irrigation and aspiration tips are positioned parallel
The irrigation flow changes the direction into the opposite one, the momentum increment is maximal, and the pressure on the internal surface of capsular bag comes to p c =p + +ρV + ²/2 as in the precedent example. If the tubules are situated at some angle one to another, the momentum increment decreases proportional to cos (γ/2), where γ denotes the angle between the tubules' axes (see Fig. 2 ), and the pressure correspondingly decreases. The flatter the tubules are situated one to another, the less is the pressure on the wall. It reaches a minimum value when γ = 180 o , i.e. the tubules are situated on one axis. Thus the bimanual technique allows control of the pressure by positional relationship of the tubules. As to the irrigation fluid consumption, the irrigation and aspiration tubules may be placed at different sites of the volume occupied by the lens fragments. In this case it is possible to direct the flux Q across this volume that insures maximal dilution of the emulsion and its aspiration, practically without losses i.e.
Thus far the quasi-static component of the fluid pressure has been analyzed. Pulsation of the hydrodynamic pressure under the conditions of laminar flow may be caused by oscillations of fluid consumption only. As for the pulsation due to transient processes, these do not exceed several percents of the flowing fluid velocity head (Aviation acoustics, 1986) . In reality, the pulsation component does not appreciable change the velocity of the irrigationaspiration flow and the whole modeled situation. Taking this into account would therefore not exert a substantial influence on the results that have been obtained. The modeling that has been described shows that the bimanual technique is more efficient than the coaxial one in reducing both the traumatic factor (pressure on the eye tissues) and the irrigation fluid consumption.
Evaluation of operation time
The time necessary to clean the operative field from the lens fragments in many respects depends on the cleaning method and on the degree of homogeneity of the emulsion formed after the irrigation fluid infusion. Several typical cases of the development of this process may be analyzed. Case 1. The irrigation and aspiration flows are laminar and cover the entire anterior chamber of the eye. In this case, the emulsion is smoothly eliminated from the operative field and the time of full cleaning t can be determined by the formula
where θ denotes the volume of the anterior chamber. Case 2. The emulsion is maintained in a homogeneous state during the entire aspiration process. The necessary degree of homogeneity can be achieved by continuous mixing the fluid. In this case, the concentration of the lens fragments decreases with time governed by exponential law with the exponent proportional to t. Case 3. Laminar flow of the irrigation and aspiration fluids occurs only in a part of the operative field while in the remaining domain stagnation zones are observed. In these zones, the fluid circulates in a circle. In this domain the elimination of the emulsion occurs only from the above mentioned area, where the irrigation-aspiration flow (laminar flow with running off) is organized. Of course, none of the cases mentioned is realized in a pure form, but nevertheless they ensure a qualitative comparison between the cleaning time values for the anterior chamber when using the coaxial and the bimanual phacoemulsification techniques. Case 3 gives the best fit for characterization of the coaxial technique. Here, laminar flow with running off occupies a relatively small part of the operative field. According to the estimation above, under these conditions only somewhat more than a half of the infused irrigation fluid volume is effectively used. To clean the stagnation zones the aspiration tip must be shifted. This necessitates the skill of the surgeon and takes an amount of time also. The bimanual technique is instead characterized rather by Case 1. Laminar flow with running off occupies the major part of the anterior chamber of the eye and correspondingly of the cloud of lens fragments so that shifting of the tip is not necessary. When using both the coaxial and the bimanual techniques, any shift of the tip (casual or intentional) leads to mixing of the emulsion. The process then tends to follow the characteristics of Case 2 that results in increasing the cleaning time. Thus, it may be affirmed that in all cases the cleaning time depends to a great extent on the surgeon's skill. However, the bimanual technique does not need a large tip shift and is potentially less traumatic. Besides, the theoretic cleaning time (as follows from the calculations above), which is determined by the loss of the irrigation fluid, is lower by some ten percent.
Review of finite element analyses
More precise mathematical modeling of hydrodynamic processes during surgical operation is able to increase the efficiency of the bimanual technique both in lowering pressure further and in obtaining a faster cleaning of the operating field from lens fragments. For modeling, the sophisticated numerical approximations based on FEM are applicable. A short summary review of finite element simulations applied to several problems of eye biomechanics is presented below; it gives information on how investigations develop and which issues arise. The summary does not pretend to be a comprehensive review of the topic and only touches on some key achievements. One of the first applications of FEM to modeling of the human eye seems to have been carried out by Pinsky and Datye (Pinsky & Datye, 1991) . A finite element model was built to examine effects of radial keratotomy. It assumed horizontal and vertical corneal symmetry and linear elastic material for mechanical behavior of eye tissues. Bryant and his colleagues have used finite element analysis to investigate the susceptibility of the human cornea with fully healed radial keratotomy incisions (Bryant et al., 1994) . The material was assumed to be homogeneous, isotropic, and nonlinearly elastic, with the elastic modulus defined as the derivative of the average stress-strain curve of control strips cut from fresh human donor corneas subjected to tensile testing and failure. Differences between analysis and experimental data have been observed, accounted for by variation in stiffness between the uncut stroma and the wound collagen, and the effect of stress concentration at the wound.
Researchers from the Department of Ophthalmology, Yokohama City University School of Medicine, have applied FEM to determine mechanical behaviour of human eye when loading by impacts of foreign bodies causing intraocular injuries (Uchio at al., 1999) . Solid modeling was based on information obtained from cadaver eyes. Blunt-shaped missile impacts onto the surface of the cornea or sclera at velocities 30 to 60 m/s have been simulated; simulations have been carried out using a supercomputer. In sequential investigations, finite element modeling technique of the eye has been developed; the main developments were the following: improved approximation of complex geometry (Belezza et al., 2000) , (Sigal et al., 2004) , anisotropic fiber-matrix material properties (Amini and Barocas, 2009) , and nonlinear anisotropic, inhomogeneous, collagen fiber-reinforced structure of eye tissues (Girard et al., 2009) . For modeling and calculations, ANSYS software is widely used now. All the investigations noted above focused on improved approximations of eye tissues without adequite modeling of intraocular fluid.
In the Department of Biomechanical Engineering in University of Minnesota Supercomputing Institute, a coupled-flow finite element model of the iris and the aqueous humor has been developed (Elastohydrodynamics of the Anterior Eye, 2002). This model accounts for the passive deformation of the solid iris in response to flow of aqueous humor fluid. The problem is fully coupled because the location of the iris depends on the flow pressure, but the fluid flow pattern depends on the location of the iris (Fig. 6 ). This relative simple model is already large enough to require considerable computational resources because of the fluid-solid coupling, and the rapidity of ocular events (the lens accommodates from far-viewing to near-viewing in a few tenths of a second). This coupled-flow finite element model does not cover cataract surgery. An approximation relating to cataract surgery was developed in order to predict changes in the corneal curvature after surgery based on investigations into the material properties of the cornea (Crouch et al., 2005) . A linear elastic material model was used for the entire eye. To examine the effect of surgical incisions, a cut in the initial eye mesh was made representing the incision made in an extra-capsular cataract extraction procedure. The authors note that extensive future work is needed to produce and validate a biomechanical model that could be used to help predict surgical outcomes. This work may expand on the current work in the following ways:  apply an oriented fiber tissue model  augment the finite element model with a time-dependent simulation of the healing response  experiments with individualized eye models. With participation of the author of this Chapter, a group of researchers at the Helmholtz Moscow Research Institute of Eye Diseases have started with investigation of accommodation processes using FEM (Poloz et al., 2008) . Scientists and engineers of University of Minnesota now run patient-specific computational fluid dynamics (CFD) and finite element simulations to support medical device innovation and validation (Medical Device Invention and Evaluation through Simulation, Visualization, and Interactive Design, 2010). Simulation could reduce the time it takes to reach bench tests and animal trials, make these trials more effective, and, in time, overtake these methods as the primary evaluative approach in device design. A group of researchers have begun to work on design environment composed of coupled components for running simulations, visualization and comparing massive numbers of results, and interacting directly with the parameter space to explore new device designs. The approach is very promising, but for the moment, the latter innovations do not cover cataract surgery and ophthalmology.
Irrigation device design based on hydrodynamic analysis
Based on mathematical modeling, surgical tool design can be carried out in a rational and validated manner. For example, it is known that sudden expansion of a channel is accompanied by significant hydraulic resistance i.e. decrease of the total flow pressure (Abramovich, 1969) . The pressure drop in expanding stream of the irrigation fluid (in absence of a wall) may be evaluated as follows:
where S is the surface area formed by the expanding stream (the sum of end surface areas of separate fluid jets). Consequently, the greater S is, the smaller the hydrodynamic effect of the fluid on eye tissue is exerted. The stream, which outflows from the tubule with normal (perpendicular to the axis) outlet cross section into a great volume cavity, has a shape nearing to a cone. If series of holes are made in the tubule wall and their number and arrangement are correctly chosen, an almost spherically expanding stream can be obtained, and consequently the maximal area S. In this case, it is possible to approach almost the minimal pressure value on the wall determined by the formula (16). The idea has been embodied in a device for irrigation (Pletnev et al., 2005) intended for the bimanual phacoemulsification technique. The device contains the hollow tube 1 with the hooked end 2 as shown in Fig. 7 . A part of cylindrical surface 2 has at least two rows of irrigation holes 3. Each three of these holes are situated at the corners of equilateral triangles and form equilateral triangles with the neighbouring holes. The closed end surface 4 of the hooked end is furnished with at least one irrigation hole. The total area of all holes lies within the range 20% to 25% of the area of the cylindrical surface of the hooked end. The device is designed so that the fluid outflows from irrigation holes in the form of fluid jets oriented normally to the cylindrical surface. In all holes, approximately the same flow rate and hydraulic drop are realized. The fluid jets interflowing form a closed frontal surface akin to spherical one, where hydrodynamic pressure is at the minimum. An advanced device for irrigation which functions in a similar way is shown in Fig. 8 ( Spirochkin et al., 2008) . This device contains the hollow tube 1 with the closed end surface furnished with irrigation holes 2. The end surface is designed in the form of an ellipsoid of revolution 3 extended along the tube axis. This form of the end surface is chosen to ensure nearly spherical front surface of the outflowing irrigation fluid and approximate equidistance to the crystalline lens inner surface inside which this end enters. The holes 2 are situated at equal spatial angles 4 measured relative to the ellipsoid center. The total area of the irrigation holes lies within the range 40% to 50% of the ellipsoid surface area. Fig. 7 . Device for irrigation (Pletnev et al., 2005) . See text for details.
The irrigation fluid outflowing through the holes 2 forms a closed frontal ellipsoid surface and effects with nearly minimum hydrodynamic pressure on the internal surfaces of eye tissues. Hence use of these inventions theoretically reduces trauma to eye tissues. Fig. 8 . Advanced device for irrigation . See text for details.
Conclusion
The analytical approach, which has been presented, provides a rational basis for evaluation of new surgical methods in ophthalmology and for design of surgical tools. Simplified mathematical modeling of hydrodynamic processes during surgical operations is similar to the technique of structure dimensioning, or sizing, commonly used in engineering practice, e.g. in nuclear engineering (with which the author is especially familiar). Surgical procedures or structural parameters of surgical tools obtained at the stage of dimensioning can be checked and corrected at the next stage of engineering: coupled structure-fluid analysis using the finite element method. However techniques of finite element analysis for support of cataract surgery need to be developed.
